CME Objectives: On completion of this article, the reader should be familiar with pelvic floor rehabilitation for fecal incontinence.
Fecal incontinence (FI) is defined as the involuntary loss of liquid or solid stool that is a social or hygienic problem.
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Prevalence has been reported at 2 to 24% of the adult population, 1 with 1 to 2% experiencing significant impact on daily activities. 2 Treatments include conservative measures such as dietary modifications, medications, and pelvic floor rehabilitation, as well as more invasive approaches such as the use of perianal injectable bulking agents, sacral nerve stimulation, or surgery. 3 Many patients prefer to avoid the risk of interventions, and a stepwise approach to treatment has been advocated to minimize injury to patients.
4
Pelvic floor rehabilitation has been used successfully in the treatment of FI, and can produce significant functional and quality of life benefits for patients. 6 Most of the reported literature in this area have been in the form of case reports and nonrandomized prospective trials. In fact, more than 70 such uncontrolled studies have been published, with a great range of treatment protocols. Almost all these studies show a significant benefit to the use of a rehabilitative approach-the majority reports a response range of 50 to 80%. 5 There has only been one published nonrandomized study which reported no benefit to treatment. 6 The patients in that study uniformly had FI due to a neurogenic etiology, which might contribute to the lack of demonstrated benefit from pelvic rehabilitation. Understandably, there can be a publication bias toward studies with positive results when no randomization has occurred, and it is important to therefore expand research into the area of randomized controlled trials (RCTs) to demonstrate true efficacy. There have been a small number of RCTs on pelvic floor rehabilitation for FI, less than 30 in total of high quality, according to two recently published Cochrane reviews on the topic. 7, 8 These RCTs vary widely in terms of treatment protocols and typically had small sample sizes, but for the most part also showed clear benefit for rehabilitative treatments. 9 There have been no significant risks reported to the patient beyond that of time investiture and financial expense. The goal of this review is to summarize the current research and describe the different options available for rehabilitative treatment of the pelvic floor in the management of FI.
Pelvic Floor Rehabilitation
Pelvic floor rehabilitation is a term which comprises many different therapeutic approaches, including but not limited to electromyographic (EMG) biofeedback-guided pelvic floor muscle training (PFMT), which is currently the most widely used rehabilitative treatment modality. Pelvic floor rehabilitation is typically performed under the guidance of a pelvic floor physical therapist, although nurses, physicians, and other staff can receive training to perform many of these interventions. The different rehabilitative techniques can be used independently, but more frequently are used in conjunction with one another in a multimodal approach to produce the maximum benefit for the patient. 9 The primary goal of all forms of pelvic floor rehabilitation is to improve pelvic floor and anal sphincter muscle strength, tone, endurance, and coordination to effect a positive change in function with a decrease in symptoms. Additional goals include increasing the patient's awareness of their own muscles, improving rectal sensitivity, and reducing scar burden to allow for improved muscle function. Pelvic floor rehabilitation techniques include bowel management education and retraining, PFMT, biofeedback therapy (BFT), the use of electrical stimulation, and manual myofascial release and connective tissue mobilization techniques.
Bowel Management Education and Retraining
The incorporation of lifestyle education into the therapeutic treatment program is of vital importance for patients with FI. Such training can certainly be done apart from or instead of the other pelvic floor rehabilitation approaches described below, but it is thought that the best results occur when both are undertaken simultaneously. The patients in many of the published studies on FI and rehabilitation are typically, therefore, instructed in basic behavioral and bowel retraining principles alongside undergoing pelvic rehabilitation methods.
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Bowel education and retraining can include many different aspects. A focus on lifestyle modifications including instruction as to optimal fluid intake and dietary adjustments can be important in certain patient populations. 10 17 This study demonstrated comparable benefit in all treatment groups, and the authors concluded that no added benefit was seen with pelvic rehabilitation compared with education alone. However, the education treatment group received instruction in a "bowel urge resistance program" which included training to hold stool in the rectal vault while sitting on the toilet for increasing amounts of time. It is not clear whether such urge suppression techniques are substantially different from pelvic floor muscle strength training with sustained submaximal contractions, and therefore this study's reported conclusions of no benefit from PFMT apart from educational instruction may not be valid. PFMT without the concurrent use of biofeedback has been well established for use in patients with urinary incontinence. 16 However, there have not been many trials that have looked at PFMT apart from biofeedback training in the treatment of FI. Three studies have shown digitally taught PFMT to be equivalent to PMFT combined with biofeedback.
17-19
Only one RCT has been done to evaluate the difference between varied types of pelvic floor exercises. 19 Bartlett et al in 2011 15 found no difference in outcomes between two separate PFMT techniques, both trained with biofeedback guidance (sustained submaximal anal and pelvic floor exercises vs. rapid squeeze plus sustained submaximal exercises). Both groups had significant improvement in FI.
Biofeedback Therapy
BFT is a term that can be used to describe many different types of training regimens for the pelvic floor. Biofeedback is defined as the process of gaining greater awareness of many physiological functions, primarily using instruments that provide information on the activity of those same systems, with a goal of being able to manipulate them at will. 20 BFT has been used in medicine for more than 30 years and has been used for the treatment of FI since as early as 1974. 21 For pelvic floor rehabilitation purposes, the most common type of biofeedback is EMG BFT, which was first introduced in 1979. 22 Data are recorded either through surface electrodes or via the use of intravaginal or intrarectal sensors. Other forms of pelvic floor BFT include the use of ultrasound (either intrarectal, intravaginal, or perineal); rectal balloons; digital guidance (the use of an intrarectal/intravaginal finger or hand placed on the perineum); and anorectal manometry.
7,23
There are three main approaches in how biofeedback is used as a part of pelvic floor rehabilitation for FI. 7 The most common type is for strength and endurance training for the pelvic floor and/or anal sphincter. The biofeedback apparatus gives information about how strongly the muscles are being contracted, and the patient can use that information to learn how to do the pelvic floor exercises more effectively. It is also thought that biofeedback motivates the patient to improve by giving information on performance and progress. The theory behind strength and endurance training is that if the sphincter muscles are stronger, the patient will be able to hold in the stool for a longer period of time and enable them to make it to the restroom with less accident. The second treatment modality is to use BFT to improve rectal sensitivity or compliance. This type of treatment has also been termed volumetric rehabilitation or discrimination training and is typically done with rectal balloons. 24 The balloon is inflated with air or water to determine the first sensation of rectal filling. It is then gradually inflated with decreasing amounts of air or water to teach the patient to appreciate stool in the rectal vault at progressively lower volumes. The rationale behind sensory retraining is to allow the patient to detect smaller volumes of stool at an earlier time, again making it possible for them to reach the restroom before an accident occurs. It also allows for the patient to have more time to perform a voluntary anal sphincter contraction before the volume of stool in the rectal vault overwhelms the patient's ability to hold it inside. Rectal balloons can also be used on patients with fecal urgency and rectal hypersensitivity-the balloons are in those cases simply inflated to progressively larger volumes, which the patient is then coached in how to tolerate without feeling the need to expel the rectal contents.
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The third BFT approach deals with coordination training for the anal sphincter. Multiple balloons are again inserted-a large one in the rectum itself and one or two smaller ones in the anal canals. These are typically connected to a manometric pressure-recording device. When the larger balloon is inflated, the rectal-anal inhibitory reflex is triggered, and the patient is taught to appreciate the momentary internal anal sphincter relaxation that results. The patient can then be taught to do a voluntary external sphincter contraction to counteract the involuntary relaxation of the internal sphincter. 7, 25 This type of coordination training does not seem to be as commonly studied in recent decades as it was in the past. More recent studies have referred to "coordination training" instead as a combination between motor skills training and sensory discrimination training.
24,26
Summary of Selected Biofeedback Trials Miner et al in 1990 conducted a study of 25 patients in which they compared rectal balloon training with sensory biofeedback to a "sham retraining" group which performed the same balloon maneuvers without any feedback or instruction from the therapist. 27 They found that the biofeedback group had reduced frequency of incontinence compared with the sham group, as well as reduced sensory thresholds compared with the sham group (although both groups had improved thresholds). Miner et al subjected both groups to subsequent strength and coordination training, and they did not find that this extra training significantly improved continence. At the end of their study, 50% of patients had no incontinence episodes at all and 76% of patients had reduced the frequency of incontinence episodes by more than 75%. They showed that the improvements seen were associated with the improvements in rectal sensation in both groups, and were not associated with any change in sphincter pressures or in the continence to rectally infused saline. They 
Electrical Stimulation
Electrical stimulation is another modality that has been proposed for the rehabilitative treatment of FI. The goal of electrical stimulation is to enhance the strength and/or endurance of striated muscle contraction-the target is typically the external anal sphincter in the case of patients with FI. Another goal can be to allow patients with decreased kinesthetic awareness to become more cognizant of where their pelvic floor muscles are in space and what it feels like when the muscles and sphincter are contracting. Electrical stimulation has been shown to transform fast-twitch muscle fibers to slow-twitch muscle fibers, which is thought to help with improving endurance. 31 It also increases capillary density, allowing more blood flow to the oxidative slow-twitch fibers. 32 Electrical stimulation can be delivered to the pelvic floor and anal sphincter in many different forms, including via surface electrodes or intrarectal probes and with many different stimulation parameters and treatment protocols. Low-frequency stimulation (LFS) has typically been the norm, although a new form of amplitude-modulated medium-frequency (AM-MF) stimulation has recently been proposed. 33 All forms of electrical stimulation are often used in conjunction with PFMT or biofeedback training, although stimulation can be used without any other concurrent rehabilitative treatment. Electrical stimulation can also be used to augment a volitional contraction once the contraction threshold reaches a predefined level, and such a strategy has also been employed in trials.
Summary of Selected Trials Involving Both Biofeedback and Concurrent Electrical Stimulation
Fynes et al in 1999 studied 40 women with FI after obstetric injury. 34 Patients were randomized to two groups with quite different treatment protocols. One group received vaginal pelvic floor manometric pressure biofeedback and home exercises taught by a nurse. The other group received anal EMG biofeedback and home exercises in combination with anal electrical stimulation by a physical therapist. The group receiving anal EMG biofeedback and electrical stimulation showed improved incontinence and improved proportion of patients who became asymptomatic compared with the other group. It is hard to determine what effect, if any, the actual electrical stimulation had in this case, as the two groups had such different treatment protocols. Mahony et al in 2004 compared intra-anal EMG biofeedback alone versus intra-anal biofeedback that was augmented with electrical stimulation of the anal sphincter in postpartum women with FI. 35 Sixty women were randomized, and of those, 52 had external anal sphincter defects. Both groups demonstrated significant improvements in continence scores, anal squeeze pressures, and quality of life, and there was no statistically significant difference between the groups. A couple of studies by Schwandner et al have looked at a new type of combination treatment they termed triple target treatment or 3T. 3T consists of AM-MF stimulation, EMGtriggered AM-MF stimulation, and EMG biofeedback training. The group has published a RCT comparing 3T to standard EMG biofeedback in 2010 and another in 2011 comparing 3T to the more standardly used LFS. 33, 36 The 2010 study was significantly underpowered because less than 40% of their subjects completed the 9-month treatment protocol, but the intention to treat analysis demonstrated improved continence in the 3T group. The 2011 study showed statistically significant improvements in continence in the 3T group compared with standard LFS; however, the LFS group did not have EMG biofeedback and the 3T group did. This 2011 study had more acceptable drop-out rates than the 2010 study, and was conducted for only 6 months instead of 9 months. The Schwandner group has also published further subgroup analysis based on their 2010 study. 37 They reported that patients with sphincter damage and neuropathic anal incontinence responded better to 3T than to EMG biofeedback alone. This is potentially significant because these patient subgroups have traditionally not fared well in pelvic floor rehabilitation studies, but more research is needed as to the effectiveness of 3T training, the optimal length of treatment needed, and whether patients have the ability to be compliant with treatment over long time periods. were conducted daily for 8 weeks, and while 90 patients participated in the study, only 70 completed it. On intention to treat analysis, there were no differences between the groups in terms of any outcome measures, and 63% of patients who completed treatment felt that it had improved their symptoms at least somewhat. They speculated that improvements in both groups were possibly related to improved rectal sensation rather than direct muscle strengthening, or alternatively a placebo effect. A study by Healy et al in 2006 randomized 48 patients to endoanal electrical stimulation with a home unit versus endoanal electrical stimulation plus augmented biofeedback under supervision of a physical therapist. 41 Both groups improved in terms of continence scores, manometric pressure readings posttreatment, and quality of life.
Summary of Selected Trials Involving Electrical Stimulation without Concurrent Biofeedback Training

Pelvic Floor Rehabilitation following Surgery
Only one randomized trial has been conducted on the use of pelvic floor rehabilitation following surgery for sphincter repair. Davis et al in 2004 compared anal sphincter repair with or without subsequent biofeedback training which was started 3 months postoperatively. 42 There were 38 total patients randomized in this small study. No difference was found between the groups regarding continence score at 9 months, patient satisfaction, or quality of life measures. In contrast, there have been many nonrandomized trials and retrospective reviews which have reported significant benefit to BFT and pelvic floor rehabilitation after surgery. [43] [44] [45] [46] [47] More RCTs in this area are obviously needed.
Pelvic Floor Rehabilitation versus Sacral Nerve Stimulation
There has been one randomized trial comparing sacral nerve stimulation to an "optimal medical management" program that included bulking agents, dietary management of fluid and fiber, and pelvic floor rehabilitation (pelvic floor exercises with biofeedback provided by digital guidance only 
Predictors of Success with Pelvic Floor Rehabilitation
There have only been a few studies which have looked at which types of patients will most likely benefit from a rehabilitative approach to treatment for FI. Good sphincter function and mild to moderate symptomatology are considered as more favorable prognostic factors. 49 Disruption of the anal sphincter, spinal cord transection or other neurogenic disorders, severe impairment of rectal sensory function, cognitive impairments, severe depression or other mental illness, and age younger than 6 years are all thought to be predictors of poor response to biofeedback and other rehabilitative treatments.
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Discussion
It is evident that more RCTs need to be conducted, but these early preliminary results seem to suggest that there is a definite role for pelvic floor rehabilitation in the treatment of FI. Biofeedback pelvic floor training seems to be effective in a majority of patients in most studies, although there is some question as to whether the results are due to improved strength and endurance of the anal sphincter and pelvic floor muscles, or whether the improvement can be attributed to improved rectal sensitivity. Electrical stimulation is also an area where more research is needed; however, there is a possibility that it can produce an added benefit when added to biofeedback training alone. Trials conducted to date have used widely divergent treatment protocols and therefore we do not have good evidence to suggest one type of rehabilitative technique or training regimen as being superior at this time.
It is important, as well, to consider the patient as an individual and to understand that the causes of FI are varied, even within the umbrella of pelvic floor dysfunction itself. Whitehead et al in 1985 demonstrated that 5 out of 18 of their patients with FI had resolution of symptoms once their underlying constipation was improved, and therefore it is important to rule out and treat constipation in any patient with FI. 50 There is good empiric evidence that BFT and other rehabilitative treatments can be very effective for constipation caused by outlet dysfunction, such as in those patients with nonrelaxing puborectalis syndrome. 51 Many pelvic floor therapists are skilled at manual techniques for myofascial release and connective tissue mobilization. Moreover, the addition of these techniques to the standard treatments described earlier could provide even more benefit for select patients who suffer from FI and have significant scarring of their pelvic floor muscles or sphincters. More research into these areas is also needed.
Conclusion
Pelvic rehabilitation approaches including PFMT, biofeedback-guided strength and endurance training, biofeedbackguided rectal sensitivity and coordination training, and electrical stimulation can be effective tools in the management of FI. More research is needed to further define the role of rehabilitation, predictors of good outcomes, and the most efficacious treatment protocols.
